SUMMARY Left ventricular performance was studied non-invasively in 24 chronic alcoholics without liver disease. Twelve patients who had abstained from drinking for at least one month (group A) and 12 sex and age matched patients who had ceased drinking during the preceding 24 hours (group B) were studied at rest and during 50% submaximal exercise. Cardiac output and stroke volume were measured by first passage and left ventricular ejection fraction by multigated radionuclide cardiography. Twelve healthy sex and age matched controls were also studied. Haemodynamic variables were similar in group A and the controls, except that in group A left ventricular end systolic volume index did not decrease during exercise. In group B the heart rate was increased both at rest and during exercise and plasma noradrenaline concentrations were increased. The stroke volume index did not increase significantly during exercise in group B. In addition, the increase in left ventricular ejection fraction was smaller in group B than in controls. End systolic contraction was reduced in group B patients and diastolic blood pressure was increased.
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These results suggest that cardiac abnormalities in chronic alcoholics may be reversed after cessation of drinking if no chronic liver disease is present. Recent alcohol consumption increases sympathetic nervous activity, impairs cardiac contractility, and increases afterload during physical stress.
Preclinical cardiomyopathy is frequently found in chronic alcoholics. at rest in the three groups. During exercise, however, stroke volume index was significantly lower in group B (median 27 ml/m2) than in the controls (median 36 ml/m2), p < 0 05 (fig 1) . There was a wide range of results for left ventricular ejection fraction in groups A and B (fig 2) . Left ventricular ejection fraction at rest was higher in group A than in group B (p < 0 05). The increase in left ventricular ejection fraction from rest to exercise was 9% in group B and 12% in the controls (p < 0-05) (fig 2) . Figure 3 shows the left ventricular volumes in the three groups. The left ventricular end diastolic volume index at rest was slightly lower in group A than in the controls, but this difference did not reach statistical significance (0 05 < p < 0 10). There were no significant changes in end diastolic volume from rest to exercise in any of the groups. The left ventricular end systolic volume index fell significantly in the controls but not in either group A or B (fig 3) .
Plasma adrenaline concentrations at rest were similar in the three groups, and the increases in response to exercise were of the same magnitude (table  3) . Plasma noradrenaline concentrations were not significantly different in group A and controls. In group B, however, plasma noradrenaline at rest was significantly higher than in group A or the controls (p < 0 05). During exercise plasma noradrenaline concentrations were higher in group B than in group A (table 3) .
Discussion
In the present study we measured central haemodynamic variables at rest and during submaximal exercise in patients with chronic alcohol abuse. Only seven patients had a history of alcohol abuse of < 10 years. In patients who had abstained from drinking for at least a month (group A) only three patients had an increase in left ventricular ejection fraction during exercise of <7%, suggesting that cardiac contractility was preserved in most patients of this group. In a previous study of patients with a comparable alcohol history we found left ventricular ejection fraction abnormalities in 12 out of 15 patients.6 None of these patients were abusing alcohol at the time of investigation but all had biopsyconfirmed alcoholic cirrhosis. Comparison with the present results suggests that the development of chronic liver damage may have a role in the pathogenesis of alcoholic cardiomyopathy. This concept is supported by reports of severe cardiac failure developing in patients with alcoholic cirrhosis. '7 In another study it was reported that most of the hepatic changes found at necropsy of patients with alcoholic cardiomyopathy could be related to effects of acute and chronic congestive heart failure." Ahmed et al evaluated cardiac haemodynamic function in alcoholic patients with and without cirrhosis and found that although overt cardiomyopathy was infrequent in cirrhotic patients, asymptomatic myocardial disease might become clinically important during volume or pressure overload. 12 In our study the left ventricular end systolic volume index failed to decrease significantly during ex- Table 3 Plasma catecholamine concentrations at rest and during exercise (medians with ranges in parentheses) 24 hours after an alcohol excess. The two patient groups were matched in all respects except their drinking habit. Thus the differences in haemodynamic variables between group B and group A may be attributed entirely to recent alcohol intoxication in group B. Despite the reduced physical work capacity in group B, the workload applied to these patients was sufficient to produce an increase in heart rate similar to that in the other two study groups. Heart rate was increased both at rest and during exercise in group B, but otherwise there were no other haemodynamic alterations to indicate an increase in left ventricular performance. On the contrary, the lower left ventricular ejection fraction at rest, the small and insignificant increase in stroke volume from rest to exercise together with a reduced increase in left ventricular ejection fraction, and an insignificant decrease in left ventricular end systolic volume index suggest that cardiac contractility was impaired in alcoholic patients early after cessation of alcohol intake. The role of alcohol-induced hypertension in the development of alcoholic cardiomyopathy has been emphasised.28 None of our patients had hypertension, but we cannot exclude the possibility that the abnormal rise in diastolic blood pressure during exercise in group B patients, which increased the afterload, may have contributed to the reduced left ventricular performance.29
Plasma catecholamine concentrations in group A did not differ from those in the control subjects, and no alterations were found in the plasma adrenaline concentrations in any of the patient groups. The increased plasma noradrenaline concentrations in group B were probably a result of the recent intoxication. 30 An increase in sympathetic nervous activity was also reflected by the increased heart rate. The concomitant increase in left ventricular performance in the early alcohol withdrawal phase described previously,27 and recently supported by a study of healthy volunteers in our laboratory (unpublished data), however, could not be demonstrated in the alcoholic patients.
We examined left ventricular performance at rest and during 50% submaximal exercise in chronic alcoholics without liver disease. We found a reduced end systolic contraction during exercise in patients who had abstained from drinking for at least a month. In patients who had ceased drinking only within the past 24 hours sympathetic nervous activity was increased. Physical work capacity was reduced and left ventricular performance in response to exercise was abnormal. A reduced increase in stroke volume index and left ventricular ejection fraction reflected an impaired left ventricular contractility in the face of an increased afterload and despite an increase in sympathetic tone. Most of the changes in cardiac function in these patients will not be disclosed unless they are exposed to physical stress.
